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RESUM 
Títol: Disseny d’un sistema d’alerta de corrents d’arrossegalls basat en lògica difusa!
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Un corrent d’arrossegalls (debris flow) és un moviment de massa compost d’aigua i 
una gran proporció de sediment que es propaga pendent avall per l’acció 
gravitatòria. La causa d’inicialització més habitual és la pluja, que en incrementar la 
pressió de porus, provoca la inestabilitat del terreny augmenti. Es tracta d’un un 
fenomen altament destructiu que zones de muntanya provoca enormes pèrdues 
econòmiques i humanes. A banda de les eventuals mesures de protecció 
estructurals, per tal de minimitzar els danys que causen els corrents d’arrossegalls 
és imprescindible desenvolupar sistemes de previsió i alerta. Davant de la 
complexitat del fenomen, s’ha intentat abordar la problemàtica de l’avaluació de 
l’amenaça des de molts punts de vista: des de models numèrics de simulació a 
tècniques estadístiques. En un sistema d’alerta a escala regional, però, les 
limitacions per obtenir dades i cost computacional obliga a trobar un compromís 
entre la simplicitat del sistema i la representativitat del fenomen.  
En aquesta tesina s’han combinat dues línies de treball per dissenyar un sistema 
d’alerta d’amenaça de corrents d’arrossegalls. Per una banda, les corbes llindar són 
una eina àmpliament utilitzada en la previsió d’ocurrència d’esllavissades i corrents 
d’arrossegalls. Aquestes estableixen relacions entre la magnitud dels factors 
desencadenants (pluja) i l’ocurrència de corrents d’arrossegalls. Per l’altra banda, 
per tal de determinar factors condicionants, s’estan dedicant esforços a descobrir 
patrons de comportament a partir de característiques geomorfològiques de les 
conques. Aquestes variables tenen l’avantatge de que es poden calcular de manera 
relativament senzilla a partir d’informació de l’orografia (mapes digitals d’elevacions) 
que és una informació disponible en la majoria de les situacions.  
El sistema d’alerta dissenyat integra de manera innovadora les dades de pluja radar 
per a l’avaluació de l’amenaça de corrents d’arrossegalls, proporcionant un nivell 
d’amenaça a cada conca de la zona d’estudi i en cada pas de temps. El radar és una 
eina de mesura indirecta de la precipitació que té l’avantatge de proporcionar un 
camp distribuït a molt alta resolució. Els criteris per assignar el nivell d’amenaça es 
basen en la combinació de dos aspectes: la susceptibilitat i la magnitud de l’episodi 
de pluja a cada conca. La primera és avaluada a partir de les seves característiques 
geomorfològiques i la segona a partir de les dades de pluja radar i corbes intensitat-
durada-pluja antecedent. Per avaluar aquests aspectes i combinar-los s’utilitza 
lògica difusa. La lògica difusa permet combinar diverses variables d’una forma molt 
flexible amb un cost computacional molt baix. Tot i que no es tracta d’un model físic, 
aquesta flexibilitat permet copsar la física que hi ha darrera el fenomen i introduir els 
coneixements experts del modelador. 
L’última part de la tesina ha consistit en aplicar el classificador al període de maig a 
octubre en la zona d’estudi situada als Pirineus Orientals. S’han analitzat les 
tendències de comportament general en tot el període i en cinc episodis curts. En 
alguns pocs casos en què es disposava d’informació sobre l’ocurrència de corrents 
d’arrossegalls en conques concretes, s’ha avaluat el funcionament del classificador 
comparant aquesta informació amb les alertes que proporcionava el classificador. 
Concretament s’han estudiat casos a les conques del Rebaixader i del Torrent d’Erill 
(Alta Ribagorça) i Port Ainé (Pallars Sobirà). 
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ABSTRACT 
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A debris flow is a mass composed by water and sediment in movement due to the 
gravity action. The most common triggering factor is rainfall, which leads to slope 
failure by increasing the soil pores pressure. Debris flows are highly destructive and 
provoke enormous economical and human losses. In order to minimize the damage, 
it is imperative to complement the structural measures with forecast and warning 
systems.  
Several approaches have been developed to face the problem: from numerical 
simulation models to statistic techniques. However, in the case of a regional-scope 
warning system, there are some limitations regarding data availability and 
computational requirements. Therefore, a compromise between simplicity of the 
model and reality must be found. In this work, two different approaches have been 
combined to design a debris flow warning system. On one side, rainfall thresholds 
are widely used in landslide and debris flow prevention. Thresholds build a 
relationship between triggering factors (characteristics of the rainfall event) and 
debris flow occurrence. On the other side, establishing the conditioning factors is 
helpful for recognizing behaviour patterns. Geomorphological factors are conditioning 
parameters that can be easily derived from topographic information (digital elevation 
models), which are available in most situations.  
The warning system developed in this work integrates rainfall data from radar in an 
innovative way. Radar data are indirect measurements that provide a distributed 
rainfall field with a high resolution. This allows the system to supply a hazard level in 
each catchment of the study area at every time step. The criteria used to assign a 
hazard level are two: the susceptibility of the catchment and the magnitude of the 
rainfall event. The former is determined by the geomorphologic characteristics and 
the later depends on the rainfall event (radar data) and threshold curves. These two 
aspects are evaluated and combined using fuzzy logic. Fuzzy logic theory enables 
combining different parameters in a very flexible way with very low computational 
requirements. This flexibility allows reflecting the physical meaning of the 
phenomenon by introducing expert knowledge.  
The last part of this work consists in the implementation of the system in the study 
area situated (subdomain in the eastern Pyrenees) during the period from May until 
October 2010. The results have been analysed both looking for general trends and 
specifically during five short rainfall events. In a few cases where information about 
debris flow occurrence was available, this was used to evaluate the correct 
performance of the system. In particular the following catchments have been studied: 
Rebaixader and Torrent d’Erill (Alta Ribagorça region) and Port Ainé (Pallars Sobirà 
region).   
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• Episodi 3: 11 de juliol de 2010 E'?-/+"/'($'.$#'VV'9Re'($.'("-'VV'($'@*."1.'$#'01,$%0$%'-'($#$%B1.*?-/'%*0."#'01%B$0+"*#'($'2/-%'"%+$%#"+-+'-'.-'\1%-'($.'J"/"%$*'0$%+/-.D'E.'..-/2'($'.)$?"#1("G'-A*$#+#'%*0."#'01%B$0+"*#'+$%($">$%'-'($#?.-U-/]#$' ..$*2$/-,$%+' 0-?' -.' #*(' "' -//"3$%' -' +$%"/' "%+$%#"+-+#' #*?$/"1/#' -.#' fQ' ,,yP' $%'("B$/#$#'10-#"1%#D'E' .-' \1%-'()$#+*("G' .)$?"#1("' 5"%-."+\-' 0-?'-' .$#'TQQQ'9R['-,3'-0*,*.-0"1%#',F>",$#'13#$/B-($#'($'VQQ',,':r"2*/-'Y<D'
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• Episodi 4: 21-23 de juliol de 2010 
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• Episodi 5: 9-10 d’octubre de 2010 [-?' -' .$#' TQnQ'9R[' ($.' ("-' W' ()10+*3/$' ($' TQVQ' $.' #"#+$,-' ($' ?/$0"?"+-0"C' ?/1B"%$%+' ($.' #*('01,$%U-'-'-5$0+-/'.-'\1%-'()$#+*("'-,3'%*0."#'()"%+$%#"+-+'#*?$/"1/'-.#'fQ,,yPD'E.'..-/2'($'.-'%"+'-A*$#+#'$#'B-%'-+$%*-%+G'?$/4'.-'"%+$%#"+-+'#$2*$">'#$%+',1($/-(-'5"%#'-.#'B1.+#'($'.$#'QYQQ'9R['($.' ("-' #$2L$%+G' $%' A*;' .-' ?$/+1/3-0"C' #)-5$3.$">' ($' 51/,-' 01%#"($/-3.$G' ?$/4' 01%+"%*-' -0+"B-'(*/-%+' +1+' $.' ("-D' ^$#' -0*,*.-0"1%#' ,F>",$#' 13#$/B-($#' -' .)F/$-' ()$#+*("' -.' 5"%-.' ($.' ("-' VQ'()10+*3/$' ($' TQVQ' #*?$/$%' $.#' fQ,,' :r"2*/-' VQ<D' I%' /$-."+-+' .)$?"#1("' 01%+"%*-' (*/-%+' $.' ("-'#$2L$%+G' ?$/4' %1,=#' #)P-%' 01%#"($/-+' -A*$#+#' (1#' ("$#' ?$/A*;' =#' A*-%' $#' /$2"#+/-' $.' 01//$%+'()-//1##$2-..#D'
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7T! !"##$%&'()*%'#"#+$,-'()-.$/+-'($'01//$%+#'()-//1##$2-..#'3-#-+'$%'.42"0-'("5*#-'
 
'
'r"2*/-'nQD'e-?$#'($'.)-.$/+-',F>",-'$%'0-(-'01%0-'(*/-%+'.)$?"#1("'?".1+D'01.1/'B$/(`'
/:"2/B/' #/%Q/j' 01.1/' +-/1%@-' /:"2/B/' :*!"$/!/^' 01.1/' B$/,$..`' /:"2/B/' /)-/D' I.#'%O,$/1#'($'.-'..$2$%(-'"%("A*$%'$.'%1,3/$'($'01%A*$#'0.-##"5"0-($#'-'0-(-'0-+$21/"-D'!-.+`'%1,=#'B-/"-3.$#'("%F,"A*$#D'c1+-`'01,3"%-0"C'-,3'?$#'($.'6Qs'
!"##$%&'()*%'#"#+$,-'()-.$/+-'($'01//$%+#'()-//1##$2-..#'3-#-+'$%'.42"0-'("5*#- 7n!
 
'
'r"2*/-'nVD'e-?$#'-,3'01%("0"1%#'($'?.*@-'P1,12;%"$#'"'01,3"%-0"C'-,3'?$#'($.'6Qs'D'[1.1/'B$/(`'/:"2/B/'#/%Q/j'01.1/'+-/1%@-'/:"2/B/':*!"$/!/^'01.1/'B$/,$..`'/:"2/B/'
/)-/D'I.#'%O,$/1#'($' .-' ..$2$%(-' "%("A*$%'$.'%1,3/$'($'01%A*$#'0.-##"5"0-($#'-'0-(-'0-+$21/"-D'!)$#A*$//-'-'(/$+-'"'($'(-.+'-'3-">`'VD6sG'TD6sG'nD6s'"'fD6s'()F/$-'"%$#+-3.$D''
J$/'+-.'()$A*"."3/-/'.-'"%5.*;%0"-'A*$'+$%$%'/$#?$0+"B-,$%+'.-'#*#0$?+"3"."+-+'"'.-'?.*@-'-.'/$#*.+-+'5"%-.' #)P-' ?/1B-+' ($' (1%-/' ?$#1#' ("5$/$%+#' -' 0-(-#0*%-D' I.' /$#*.+-+G' ?$/4G' 01%+"%*-' #$%#$' #$/'#-+"#5-0+1/"'?$/A*;'%1'#)-01%#$2*$">'*%-'"%+$/-00"C`'#$,?/$'?/$(1,"%-',=#'*%-'1'.)-.+/-D''EA*$#+-' "%+$/-00"C' #)-01%#$2*$">G' ?$/' $>$,?.$G' #"' #)-2-5-' .-' 0-+$21/"-' ,H%",-' $%+/$' .-' A*$'#)13+"%(/"-'+$%"%+'%1,=#'$%'01,?+$'.-'#*#0$?+"3"."+-+'1'+$%"%+'%1,=#'$%'01,?+$'.-'?.*@-D'EA*$#+',;+1($'($'01,3"%-0"C'$#'?1+'01%#"($/-/'01,'*%-' "%+$/#$00"C'$%'#$%+"+'$#+/"0+$G' ' @-'A*$'?$/' +-.'A*$' -' *%-' 01%0-' #$' ."' -##"2%"' .-' 0-+$21/"-' /:"2/B/' /)-/G' #)P-*/"-' ($' 0.-##"5"0-/' 01,' -' :*)-'

7f! !"##$%&'()*%'#"#+$,-'()-.$/+-'($'01//$%+#'()-//1##$2-..#'3-#-+'$%'.42"0-'("5*#-'
 0-+$21/"$#' ($' #*#0$?+"3"."+-+' $#+/"0+$#' =#' -,3"2*-D' g1' 13#+-%+G' $%' -A*$#+' 0-#G' #$,?/$' #$' ."'-##"2%-/"-'.-'0-+$21/"-'/:"2/B/'#/%Q/G'"%($?$%($%+,$%+'($'.-'?.*@-D''!$#?/=#' ()-.+/$#' ?/1B$#' -,3'("5$/$%+#' 1?$/-(1/#' ("5*#1#' ($5"%"+#' -' .-' ."+$/-+*/-' ($' /$5$/;%0"-G'#)P-' B"#+' A*$' 0-."-' 0-%B"-/' $.' ?.-%+$@-,$%+' #"' $#' B1."-' 13+$%"/' .-' /$#?1#+-' $#?$/-(-' ($.'0.-##"5"0-(1/D''I%'.-'#$00"C'#$2L$%+'$#'($#0/"*'$.'#"#+$,-'($'/$2.$#'A*$'#)P-'*+"."+\-+'5"%-.,$%+D''
'r"2*/-' nTD'e-?$#' ()-,$%-U-',F>",-' ?$/' -.',;+1($' ($' 01,3"%-0"C' "%+$/#$00"CG' =#' -'("/G' 0-+$21/"-' ,H%",-' $%+/$' .-' A*$' #)13+"%(/"-' +$%"%+' %1,=#' $%' 01,?+$' .-'#*#0$?+"3"."+-+' 1' +$%"%+' %1,=#' $%' 01,?+$' .-' ?.*@-D' [1.1/' B$/(`'/:"2/B/'#/%Q/j' 01.1/'+-/1%@-'/:"2/B/':*!"$/!/^' 01.1/'B$/,$..`'/:"2/B/'/)-/D'I.#'%O,$/1#'($' .-' ..$2$%(-'"%("A*$%'$.'%1,3/$'($'01%A*$#'0.-##"5"0-($#'-'0-(-'0-+$21/"-D'
A*8*1 -K[WKP!
J$/' +-.' ($' #*?$/-/' .$#' .","+-0"1%#' ($.#' ?/10$(",$%+#' -%+$/"1/#G' $#' B-' ("##$%&-/' *%' #"#+$,-' ($'/$2.$#D'EA*$#+$#'/$5.$0+$">$%'$.'01,?1/+-,$%+'$#?$/-+'"'+$%$%'.)-B-%+-+2$'($',-%+$%"/'.)$#?$/"+'a("5O#b'($.' #"#+$,-D'c`''
Amenaça màxima 
!"##$%&'()*%'#"#+$,-'()-.$/+-'($'01//$%+#'()-//1##$2-..#'3-#-+'$%'.42"0-'("5*#- 76!
 
• L4$ :,-8B*$ 3"M-"$ 4$ ,&%$ +8+%",/4M-"=$ &$ :,-8B*$ 3"M-"$ 4$ '&."#*.*'"(/$ +8+%",/4M-"=$ &$ :,-8B*$3"M-"$4$'&-/$+8+%",/4M-"=$&$:,-8B*$'&."#*.*$4$,&%$+8+%",/4M-"=$--*7&#+$-0*'"(*)*$+"#O$M*45*>$$
• L4$:,-8B*$'&."#*.*$4$'&."#*.*'"(/$+8+%",/4M-"=$&$:,-8B*$'&."#*.*$4$'&-/$+8+%",/4M-"=$&$:,-8B*$+"7"#*$4$,&%$+8+%",/4M-"=$--*7&#+$-0*'"(*)*$+"#O$'&."#*.*>$
• L4$:,-8B*$+"7"#*$4$'&."#*.*'"(/$+8+%",/4M-"=$&$:,-8B*$+"7"#*$4$'&-/$+8+%",/4M-"=$--*7&#+$-0*'"(*)*$+"#O$*-/*>$$
R-*.-'YD'k$2.$#'($'01,3"%-0"C'($'.$#'B-/"-3.$#'("%F,"A*$#'"'$#+F+"A*$#'
EA*$#+$#'/$2.$#'+/-(*M($#'-.'..$%2*-+2$'.42"0G'A*$($%'$%'.$#'$>?/$##"1%#'($'.)IA*-0"C'kG'1%''EVG'ET'"''En' 01//$#?1%$%' -' .$#' 0-+$21/"$#' ()/:"2/B/' #/%Q/G':*!"$/!/' "' /)-/' /$#?$0+"B-,$%+j' cVG' cT' "' ' cn'01//$#?1%$%' -' .$#' 0-+$21/"$#' ($' 6*3' &,&3"6-%#)"G':*!"$/!/:"2-' &,&3"6-%#)"' "':*)-' &,&3"6-%#)"'/$#?$0+"B-,$%+j' KVG' KT' "' ' Kn' 01//$#?1%$%' -' .$#' 0-+$21/"$#' ($' ?.*@-' ("#)"G' :*!"$/!/' "' &"."$/'/$#?$0+"B-,$%+j'? /$?/$#$%+-'.)1?$/-(1/'"%+$/#$00"C'" ?'.)1?$/-(1/'*%"CD''
• !"!! !!"# ! !! ! !!"# ! !!! ! ! !!"# ! ! !! ! !!"# ! !! $! !!"# ! !! ! !!"# ! !! ! !!"# ! !! ! !!"# ! !! !! !!!!$
• !"!! !!"# ! !! ! !!"# ! !!! ! ! !!"# ! ! !! ! !!"# ! !! $! !!"# ! !! ! !!!" ! !! !! !!!!$
• !"!! !!"# ! !! ! !!"# ! !!! ! ! !!"# ! ! !! ! !!"# ! !! ! !!!!$
lkm$
nD''I%' $.' 0-#' A*$' #)*+"."+\"' .)1?$/-(1/',H%",'?$/' .-' "%+$/#$00"C' "' .)1?$/-(1/',F>",'?$/' .-' *%"CG' .$#'/$2.$#'A*$(-/"$%'($'.-'#$2L$%+',-%$/-G'1%'νi'/$?/$#$%+-'$.'2/-*'($'B-."($#-'($'.-'/$2.-'"`'''
' J10'#*#0$?+"3.$':cV<' e1($/-(-,$%+'#*#0$?+"3.$':cT<' e1.+'#*#0$?+"3.$':cn<'J.*@-'5$3.$':KV<' E,$%-U-'3-">-':EV<' E,$%-U-''3-">-':EV<' E,$%-U-''3-">-':EV<'J.*@-',1($/-(-':KT<' E,$%-U-''3-">-':EV<' E,$%-U-',1($/-(-':ET<' E,$%-U-',1($/-(-':ET<'J.*@-'#$B$/-':Kn<' E,$%-U-',1($/-(-':ET<' E,$%-U-'-.+-':En<' E,$%-U-'-.+-':En<'
77! !"##$%&'()*%'#"#+$,-'()-.$/+-'($'01//$%+#'()-//1##$2-..#'3-#-+'$%'.42"0-'("5*#-'
 
• ν 1$n$'*5$l'4(lµ.4(2W2$µ"+/2Wm2$'4(lµ.4(2W2$µ"+/2<m2$'4(lµ.4(2W2$µ"+/2Em2$'4(lµ.4(2<2$µ"+/2Wmm$
• ν 2$n$'*5$l'4(lµ.4(2<2$µ"+/2<m2$'4(lµ.4(2<2$µ"+/2Em2$'4(lµ.4(2E2$µ"+/2Wmm$
• ν 3$n$'*5$l'4(lµ.4(2E2$µ"+/2<m2$'4(lµ.4(2E2$µ"+/2Emm$^)-##"2%-0"C' 5"%-.'()*%-'($+$/,"%-(-'0-+$21/"-'()-,$%-U-'B"%(/F'($+$/,"%-(-'?$/' .-'/$2.-'A*$'13+"%2*"'*%'2/-*'($'B-."($#-',-@1/':IA*-0"C'WV<'
!! ! !"#$!%!!!!! !!! !!! lWVm$
!1%-+#'$.#'/$#*.+-+#'($'.$#'(*$#'?-/$..$#'()1?$/-(1/#'#)13#$/B-'A*$'$%'$.#'(1#'0-#1#'#1.*0"1%-'$.#'?/13.$,$#'A*$'?/$#$%+-B$%'.$#'01,3"%-0"1%#'-%+$/"1/#`'*%-'01%0-'%1'/$-00"1%-'#"'%1'?.1*G'"'*%-'01%0-'?10'#*#0$?+"3.$'?1+'+$%"/'*%'%"B$..',1($/-+'()-,$%-U-'#"'.$#'01%("0"1%#'($'?.*@-'#C%',1.+'-(B$/#$#D'J$/'?1($/'B$*/$'01,'-0+*-'$.'0.-##"5"0-(1/G'#)P-%'01%#+/*M+'.$#'+-*.$#'W-'"'W3D'[-(-'0-#$..-'($'.-'+-*.-'$#+F'("B"("(-'$%'+/$#'01.1/#'/$?/$#$%+-%+' .$#'0-+$21/"$#'()/:"2/B/'#/%Q/G':*!"$/!/' "'/)-/':EVG'ET'"''En<D'I%'0-(-'01.1/'P"'P-'$.'%1,3/$'($'01%A*$#'0.-##"5"0-($#'01,'-'+-.#G'#$21%#'$.'2/-*'($'#*#0$?+"3"."+-+' "' ,-2%"+*(' ($' .)$?"#1("' ($' ?.*@-' A*$' +$%$%D' I.#' +1+-.#' ($' .-' 01.*,%-' $#A*$//-'/$?/$#$%+$%' $.' +1+-.' ($' 01%A*$#' A*$' $#' 0.-##"5"0-/"$%' 01,' -' ?.*@-' ("#)"&G' :*!"$/!/' "' &"."$/'/$#?$0+"B-,$%+'#"'%1,=#'$#'+"%2*$##"%'$%'01,?+$'.$#'B-/"-3.$#'("%F,"A*$#D'I.#'+1+-.#'($'.)O.+",-'5".-'/$?/$#$%+$%'$.#'+1+-.#'($'01%A*$#'A*$'$#'0.-##"5"0-/"$%'01,'-'6*3'&,&3"6-%#)"&G':*!"$/!/:"2-'
&,&3"6-%#)"&' "':*)-' &,&3"6-%#)"&' #"' %1,=#' $#' +"%2*$##"%' $%' 01,?+$' .$#' B-/"-3.$#' $#+F+"A*$#D' ^-'#*,-' +1+-.' =#' VQT6' "' %1' VQfY' 01,' $.' %1,3/$' +1+-.' ($' 01%A*$#G' ?$/A*;' $%' nn' 01%A*$#' %1' $#'("#?1#-B-'()"%51/,-0"C'($'?.*@-D'
R-*.-' W-D' k
:*!"$/!/:"2-' &,&3"6-%#)"&' "':*)-' &,&3"6-%#)"&' #"' %1,=#' $#' +"%2*$##"%' $%' 01,?+$' .$#'B-/"-3.$#'$#+F+"A*$#D'^-'#*,-'+1+-.'=#'VQT6'"'%1'VQfY'01,'$.'%1,3/$'+1+-.'($'01%A*$#G'?$/A*;'$%'nn'01%A*$#'%1'$#'("#?1#-B-'()"%51/,-0"C'($'?.*@-D'' J10'#*#0$?+"3.$' e1($/-(-,$%+'#*#0$?+"3.$' Molt susceptible Total 
Pluja feble' Vn7' Q' Q' Vf6' Q' Q' TW' Q' Q' nVQ'
Pluja moderada' V66' Q' Q' 8' V8T' Q' T' W6' Q' fnV'
Pluja severa Q' V6n' Q' Q' V' W7' Q' Q' nf' TYf'R1+-.' fff' fTV' V7Q' VQT6'
!"##$%&'()*%'#"#+$,-'()-.$/+-'($'01//$%+#'()-//1##$2-..#'3-#-+'$%'.42"0-'("5*#- 78!
 R-*.-'W3D'k$#*.+-+'($'.)$>$0*0"C'*+"."+\-%+'$.#'1?$/-(1/#'?/1(*0+$'"'#*,-'-.2$3/-"0-'

'
'r"2*/-' nnD' e-?$#' -,3' 01%("0"1%#' ($' ?.*@-' P1,12;%"$#' "' 01,3"%-0"C' -,3' $.#'1?$/-(1/#' ,H%",' "' ,F>",D' [1.1/' B$/(`' /:"2/B/' #/%Q/j' 01.1/' +-/1%@-' /:"2/B/'
:*!"$/!/^' 01.1/' B$/,$..`' /:"2/B/' /)-/D' I.#' %O,$/1#' ($' .-' ..$2$%(-' "%("A*$%' $.'
' J10'#*#0$?+"3.$' e1($/-(-,$%+'#*#0$?+"3.$' Molt susceptible Total 
Pluja feble' Vn7' Q' Q' Vf6' Q' Q' TW' Q' Q' nVQ'
Pluja moderada' WV' 7f' Q' 8Q' VQW' Q' TY' 7W' Q' fnV'
Pluja severa Q' Vfn' VQ' Q' Vf' Yn' Q' 6' TW' TYf'R1+-.' fff' fTV' V7Q' VQT6'
7Y! !"##$%&'()*%'#"#+$,-'()-.$/+-'($'01//$%+#'()-//1##$2-..#'3-#-+'$%'.42"0-'("5*#-'
 %1,3/$'($'01%A*$#'0.-##"5"0-($#'-'0-(-'0-+$21/"-D'!)$#A*$//-'-'(/$+-'"'($'(-.+'-'3-">`'VD6sG'TD6sG'nD6s'"'fD6s'()F/$-'"%$#+-3.$D'
^$#' 5"2*/$#'nn' "'nf',1#+/$%' .)-,$%-U-'01%#"($/-%+'$.',-+$">'B-.1/'($'s'()F/$-' "%$#+-3.$'?$/'-'+1+$#' .$#' 01%A*$#G' A*$' =#' *%-' ,-%$/-' ($' B$*/$' 01,' /$-00"1%-/"-' 0-(-' 01%0-' (-B-%+' ()*%$#',-+$">$#' 01%("0"1%#' ($' ?.*@-D' E' ("5$/;%0"-' ($.' A*$' #)13#$/B-B-' A*-%' #)*+"."+\-B-' .-' #*,-'?1%($/-(-'01,'-',;+1($'($'01,3"%-0"C':r"2*/-'nV<G'-/-'.)-,$%-U-'%1'=#'P1,12;%"-'$%'+1+$#'.$#'01%A*$#'?$/'-'0-(-'B-.1/'($'s'()F/$-'"%$#+-3.$G'#"%C'A*$'.-'#*#0$?+"3"."+-+'($'.-'01%0-'"%+$/5$/$">'-'.)P1/-'($'($+$/,"%-/'.-'0-+$21/"-'()-,$%-U-D'
'
'r"2*/-' nfD' e-?$#' -,3' 01%("0"1%#' ($' ?.*@-' P1,12;%"$#' "' 01,3"%-0"C' -,3' $.#'1?$/-(1/#' ?/1(*0+$' "' #*,-' -.2$3/-"0-D' [1.1/' B$/(`' /:"2/B/' #/%Q/j' 01.1/' +-/1%@-'
/:"2/B/':*!"$/!/^'01.1/'B$/,$..`'/:"2/B/'/)-/D'I.#'%O,$/1#'($'.-'..$2$%(-'"%("A*$%'$.' %1,3/$' ($' 01%A*$#' 0.-##"5"0-($#' -' 0-(-' 0-+$21/"-D' !)$#A*$//-' -' (/$+-' "' ($' (-.+' -'3-">`'VD6sG'TD6sG'nD6s'"'fD6s'()F/$-'"%$#+-3.$D'
^$#' r"2*/$#' n7' "' n6',1#+/$%' $.',-?-' ()-,$%-0$#',F>",$#' $%' .)$?"#1("' ?".1+' A*$' #)13+"%(/"$%'*+"."+\-%+' $%' $.' #"#+$,-' ($' /$2.$#' $.#' 1?$/-(1/#' ,H%",],F>",' "' ?/1(*0+$]#*,-' -.2$3/-"0-'/$#?$0+"B-,$%+D' EA*$#+#' #)P-%' 01,?-/-+' -,3' ,-?-' A*$' #)13+"%(/"-' 01%#"($/-%+' %1,=#' .$#'B-/"-3.$#' $#+F+"A*$#' :r"2*/-' TQ3<' "' $.' A*$' #)13+"%(/"-' 01%#"($/-%+' %1,=#' .$#' B-/"-3.$#'("%F,"A*$#':r"2*/-'nQ<D' 'I%'$.#'(1#'0-#1#'#)13#$/B-'A*$'$.'/$#*.+-+'=#'5/*M+'()*%-'"%+$/-00"CD'I#'
!"##$%&'()*%'#"#+$,-'()-.$/+-'($'01//$%+#'()-//1##$2-..#'3-#-+'$%'.42"0-'("5*#- 7W!
 B$*',1.+'0.-/'$%'.$#'01%A*$#'6*3'&,&3"6-%#)"&'1%'.-'?.*@-'=#'/)-/':#)P"'P-'/$2"#+/-+'*%-'?.*@-',1.+'"%+$%#-'1'*%-'2/-%'-0*,*.-0"C<G'A*$'?/$#$%+$%'*%-'-,$%-U-':*!"$/!/D''c"'$#'01,?-/-'$.'+1+-.'($'01%A*$#'0.-##"5"0-($#'$%'0-(-'0-+$21/"-'()-,$%-U-',"+@-%U-%+'.$#'(*$#'?-/$..$#' ()1?$/-(1/#G' %1' #)13#$/B$%' ("5$/;%0"$#' #*3#+-%0"-.#D' I%' $.' 0-#' ()P-B$/' *+"."+\-+' $.#'1?$/-(1/#' ?/1(*0+$' "' #*,-' -.2$3/-"0-G' $.' %1,3/$' ($' 01%A*$#' -,3' -,$%-U-' #/%Q/' =#'..$*2$/-,$%+' #*?$/"1/G',$%+/$' A*$' $.' %1,3/$' ($' 01%A*$#' -,3' -,$%-U-':*!"$/!/' "' /)-/' #C%'..$*2$/-,$%+'"%5$/"1/#'/$#?$0+$'$.#'/$#*.+-+#'()P-B$/'*+"."+\-+'$.#'1?$/-(1/#',H%",'"',F>",D''
'r"2*/-' n6D' e-?-' ()-,$%-0$#' ,F>",$#' $%' .)$?"#1("' ?".1+' *+"."+\-%+' $.#' 1?$/-(1/#'?/1(*0+$' "' #*,-' -.2$3/-"0-D' [1.1/' B$/(`' /:"2/B/' #/%Q/j' 01.1/' +-/1%@-' /:"2/B/'
:*!"$/!/^' 01.1/' B$/,$..`' /:"2/B/' /)-/D' I.#' %O,$/1#' ($' .-' ..$2$%(-' "%("A*$%' $.'%1,3/$'($'01%A*$#'0.-##"5"0-($#'-'0-(-'0-+$21/"-D'
'r"2*/-'n7D'e-?-'()-,$%-0$#',F>",$#'$%'.)$?"#1("'?".1+'*+"."+\-%+'$.#'1?$/-(1/#',H%",'"',F>",D'[1.1/'B$/(`'/:"2/B/'#/%Q/j'01.1/'+-/1%@-'/:"2/B/':*!"$/!/^'01.1/'B$/,$..`'
/:"2/B/'/)-/D'I.#'%O,$/1#'($'.-'..$2$%(-'"%("A*$%'$.'%1,3/$'($'01%A*$#'0.-##"5"0-($#'-'0-(-'0-+$21/"-D'
8Q! !"##$%&'()*%'#"#+$,-'()-.$/+-'($'01//$%+#'()-//1##$2-..#'3-#-+'$%'.42"0-'("5*#-'
 
A*: .MPROPPMT!VUSW[OIP!KWKXKIJP!VKW!RWSPPMQMRSVHZ!
I%' -A*$#+' 0-?H+1.' #)P-' $>?1#-+' $.' ("##$%&' ($.' 0.-##"5"0-(1/D' E' +-..' ($' /$#*,' 5"%-.G' $.#' ?*%+#'$.$,$%+-.#'$#'?1($%'$#A*$,-+"+\-/'$%`'
• U(/#*."+$ ."-$ +4+/"'*>$ o4$ D*$ .&+$ /4,8+$ ."$ 7*#4*M-"+$ .0"(/#*.*Z$ ,"#$ 8(*$ M*(.*$ -"+$%*#*%/"#6+/4C8"+$ 1"&'&#3&-P14C8"+$ ."$ -*$ %&(%*$ :7*#4*M-"+$ "+/O/4C8"+=$ 4$ ,"#$ -0*-/#*$ -"+$%&(.4%4&(+$."$,-8B*$*$%*.*$,*+$."$/"',+$:7*#4*M-"+$.4(O'4C8"+=>$$
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